Objectives: To compare rates of initial virological suppression and subsequent virological failure by Aboriginal ethnicity after starting highly active antiretroviral therapy (HAART).
INTRODUCTION
Despite the well documented benefits of highly active antiretroviral therapy (HAART), Aboriginal HIV-patients in Canada appear to experience less successful HAART outcomes; however, findings are inconsistent. Recent research has shown that, after starting HAART, Aboriginal HIV-patients experience higher rates of HIV-related [1] and all-cause [1, 2] mortality compared to non-Aboriginals. In contrast, rates of initial virological suppression after starting HAART do not appear to differ by Aboriginal ethnicity [2, 3] . However, to our knowledge, no research has examined the durability of virological suppression, a key goal of HAART [4] , in relation to Aboriginal ethnicity. We hypothesize that the higher rates of HIV-related mortality observed among Aboriginals after starting HAART may be explained by higher rates of HAART failure, that is, failure to maintain virological suppression, which may be observed *Address correspondence to theses authors at the Department of Public Health Sciences, School of Public Health, University of Alberta, Canada; E-mail: leah.martin@ualberta.ca and the Department of Public Health Sciences, School of Public Health, University of Alberta, 3-50B University Terrace 8303 -112 Street, Edmonton, Alberta, T6G 2T4, Canada; Tel: 1-780-492-6814; Fax: 1-780-492-0364; E-mail: duncan.saunders@ualberta.ca as a detectable viral load or potentially represented by a patient being lost to follow-up from treatment.
Developing a better understanding of how HAART outcomes may differ between Aboriginals and nonAboriginals is especially important for two reasons. First, Aboriginals are overrepresented in Canada's HIV epidemic [5] , with 24% of positive HIV tests reported with available ethnicity data between 1998-2008 being from Aboriginals [6] . Therefore, poorer treatment outcomes may impact a substantial proportion of the HIV-patient population in Canada. Second, it is well recognized that, in general, Aboriginal people in Canada have poorer health and socioeconomic status compared to the general Canadian population. For example, Aboriginals have lower life expectancies, higher infant mortality rates, lower education levels, and higher unemployment rates [7] . These factors may be related to poorer HAART outcomes. Furthermore, they may facilitate progression from HAART failure to mortality.
We undertook this study to compare the odds of experiencing initial virological suppression and the rates of subsequent HAART failure between Aboriginal and nonAboriginal HIV-patients treated with HAART in northern Alberta, Canada to help create a better understanding of the observed higher rates of HIV-related mortality associated with Aboriginal ethnicity.
METHODS
This was a retrospective cohort study carried out in two parts: in Part 1, we investigated the odds of achieving initial virological suppression by Aboriginal ethnicity and in Part 2, we investigated rates of HAART failure by Aboriginal ethnicity among patients who achieved initial virological suppression in Part 1.
Data Sources
Our primary data source was the Northern Alberta HIV Program (NAHIVP) clinical database. NAHIVP operates primarily out of four sites in Edmonton (University of Alberta Hospital, Royal Alexandra Hospital, Sexually Transmitted Disease Clinic, and the private practice of one infectious disease physician). Most patients are cared for by a health care team that includes infectious disease specialists, nurses, pharmacists, social workers, psychologists, and a dietician. Data related to patients seen at NAHIVP clinics, including demographics, risk behaviours, antiretroviral therapies (ARTs) prescribed, CD4 cell counts, viral loads, and deaths reported to the clinics are recorded in the NAHIVP database. In addition to data from NAHIVP, we linked cause and date of death data from the provincial vital status registry at Alberta Health and Wellness to the study database and used viral loads from the Alberta Provincial Public Health Laboratory to replace missing baseline viral load results where possible. The study procedures were approved by the University of Alberta Health Research Ethics Board.
Study Patients
We assembled a cohort of patients using the NAHIVP database and the following eligibility criteria: 1) started HAART between 1 January 1999 and 30 June 2005 (baseline); 2) previously ART-naïve; and 3) 15 years of age when starting HAART. We defined HAART as a combination of at least three antiretrovirals, other than ritonavir, recorded as prescribed on the same date. We excluded ritonavir under the assumption that, during the study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) , ritonavir would have been prescribed at low dosages intended to boost other protease inhibitors, rather than at clinically therapeutic levels. The HAART start date was the first date that a HAART prescription was recorded in the database and we assumed that patients remained on HAART. We excluded patients if they 1) were missing ethnicity data, 2) were missing baseline viral load data; 3) had a baseline viral load <500 copies/mL; or 4) started HAART 26 weeks before delivering a baby. We excluded the latter group of patients in an effort to limit the study to patients who started HAART for the purpose of treatment, rather than to prevent vertical transmission of HIV; we assumed that starting HAART earlier in pregnancy or after delivery would be for maternal indications. We excluded patients with baseline viral loads that were missing or <500 copies/mL because we suspected these patients were not ART-naïve when starting HAART.
Explanatory Variables
Our exposure variable of interest was Aboriginal ethnicity; we defined Aboriginals as Treaty and non-Treaty Aboriginals, Métis, and Inuit, which are the main groups of Indigenous peoples in Canada. We considered several potential confounding variables: injection drug use (IDU) as an HIV exposure category, sex, and baseline age, CD4 cell count, viral load, HAART regimen prescribed, and calendar year. We classified HIV exposure categories using an exposure category hierarchy [8] . Subjects were defined as IDUs if their HIV exposure was recorded as IDU or any exposure combined with IDU; patients with other exposure categories, including unknown or missing exposures, were considered to have "other exposures". Baseline CD4 cell count and viral load were defined as those tests taken closest to the HAART start date, which was 6 months before, and not after starting HAART.
Statistical Analyses
Initially, patient characteristics were tabulated and compared between Aboriginals and non-Aboriginals and between IDUs and patients with other exposures using 2 and Fisher exact tests for categorical variables and Wilcoxon rank sum tests for continuous variables.
For Part 1, we used logistic regression to assess the odds of achieving initial virological suppression (one viral load measure <500 copies/mL 6 months after starting HAART) in relation to Aboriginal ethnicity, adjusting for potential confounding variables. We defined patients with no viral load tests 6 months after starting HAART as not achieving initial virological suppression.
For Part 2, our primary definition of HAART failure was virological failure, defined as the first of two consecutive viral load tests >1000 copies/mL. In addition, we conducted a secondary analysis investigating loss to follow-up (which we considered as a marker of possible, untested virological failure) and all-cause mortality. Patients were classified as lost to follow-up, without achieving virological failure, if they: 1) had >12 months between any two viral load tests or 2) did not have a viral load test taken >12 months before the end of the study (December 31, 2005) but were still alive 12 months after their last viral load test (i.e. they had not died before meeting our definition of being lost to follow-up). Patients who returned to the clinic after being lost to followup were not entered back into the analysis.
Observation time for Part 2, measured in person-years [9] , started on the date of initial virological suppression and, depending on the patient's outcome, ended on the earliest of the following events: 1) the virological failure date for those who experienced virological failure; 2) 12 months after the last recorded viral load test date for those lost to follow-up; 3) December 31, 2005 for those who were censored; or 4) the date of death for those who died.
In unadjusted analyses for Part 2, we compared rates of virological failure, loss to follow-up, and all-cause mortality by Aboriginal ethnicity using cumulative incidence curves, as described by Gooley et al. [10] . Then, we compared hazard ratios (HRs) of virological failure using Cox proportional hazards models [11] , adjusting for potential confounding variables. We assessed the proportional hazards assumption for Aboriginal ethnicity graphically and using a time-varying covariate (Aboriginal ethnicity by the logarithm of observation time), which we entered into an unadjusted model of virological failure that included only the main effect for Aboriginal ethnicity.
In adjusted analyses for Parts 1 and 2, we controlled for potential confounding variables that were associated with initial virological suppression (or virological failure) in unadjusted analyses at p<0.20. We a priori planned and tested the interaction between Aboriginal ethnicity and IDU in models that included both terms as main effects to determine if the impact of Aboriginal ethnicity on initial suppression (or virological failure) differed by IDU status. Pvalues were two-tailed and those <0.05 were considered statistically significant. Analyses were conducted with SAS® (version 9.1; SAS Institute Inc., Cary, NC) and R (version 2.6.2).
Sensitivity Analyses
To supplement our primary analyses in Parts 1 and 2, we conducted four sensitivity analyses to assess our findings.
For Part 1, we re-ran the final logistic regression model after excluding patients with no viral load tests in the 6 months following baseline. We did this because Aboriginals were less likely to have at least one viral load test after baseline and, in our primary analysis, these patients were defined as not achieving initial virological suppression. For Part 2, we conducted three sensitivity analyses using the final multivariable Cox proportional hazards model. First, we redefined HAART failure as exhibiting one viral load test result >1000 copies/mL instead of two consecutive tests >1000 copies/mL. We did this because some patients had <2 viral load tests after initial virological suppression and, therefore, could not be defined as experiencing virological failure in the primary analysis. Second, for patients who were lost to follow-up, censored, or who died, we ended observation time on the date of their last viral load test but maintained the same HAART failure definition as in the primary analysis. We did this because our primary analysis may have overestimated the time that patients were assumed to be virologically suppressed before reaching one of these three outcomes. For example, we assumed that patients lost to follow-up were virologically suppressed for 12 months after their last viral load test; however, we can only be certain that they were suppressed until their last viral load test. Third, we combined the first and second sensitivity analyses: we redefined HAART failure as exhibiting one viral load >1000 copies/mL and, for patients who were lost Fig. (1) . Derivation of the study population for Parts 1 (initial virological suppression) and 2 (HAART failure).
to follow-up, censored, or who died, we ended observation time on the date of the last viral load test. This combined analysis was meant to assess the maximum amount our primary results would change if we adopted all the alternate assumptions of our sensitivity analyses.
RESULTS
The study sample for Part 1 (initial virological suppression analysis) included 461 patients (Fig. 1) . We excluded 87 patients for having a baseline viral load that was missing (n=19) or <500 copies/mL (n=68). Compared to the study patients, these 87 patients were less likely to be Aboriginal (25% vs 37%, p=0.032), were more likely to start HAART on a protease inhibitor (PI)-based regimen (43% vs 24%, p=0.0004), and had a higher baseline CD4 cell count (median 370 (n=69) vs 190 cells/μL, p<0.0001).
Of the 461 study patients, 172 (37%) were Aboriginal; most non-Aboriginals were Caucasian (226, 78%). Almost half the patients were defined as IDU (220, 48%); other exposures were primarily heterosexual contact (126, 52%) and men who have sex with men (MSM) (90, 37%). Compared to non-Aboriginals, Aboriginal patients were significantly more likely to be female (39% vs 14%, p<0.0001), have IDU as an HIV exposure category (66% vs 
Part 1 -Initial Virological Suppression
Within 6 months of starting HAART, 328 patients (71%) achieved initial virological suppression. Of the 133 patients who did not achieve initial virological suppression (65, 49% were Aboriginal), 51 (38%) had no viral load tests after baseline and 82 (62%) had no follow-up viral load tests <500 copies/mL 6 months after baseline. Five of these 133 patients (3.8%) died 6 months after starting HAART, 4 of whom were Aboriginal. Aboriginals were less likely than non-Aboriginals to experience initial virological suppression (62% vs 76%, p= 0.0011) in the unadjusted analysis. After controlling for the effects of sex and baseline CD4 cell count, HAART regimen, and calendar year, compared to non-Aboriginals with other exposures, the odds of achieving initial virological suppression were significantly lower for Aboriginal IDUs (odds ratio (OR)=0.33, 95% CI=0.19-0.60, p=0.0002), non-Aboriginal IDUs (OR=0.30, 95% CI=0.15-0.60, p=0.0006), and Aboriginals with other exposures (OR=0.38, 95% CI=0.21-0.67, p=0.0009) ( Table 2 ). In our sensitivity analysis for Part 1, which excluded patients who had no viral load tests in the first 6 months after starting HAART, the odds of achieving initial virological suppression remained similar to the primary analysis for non-Aboriginal IDUs and Aboriginals with other exposures; however, for Aboriginal IDUs, this relationship weakened and became of borderline statistical significance ( Table 2) .
Part 2 -HAART Failure
Of the 461 patients eligible for Part 1, the 328 patients who achieved virological suppression were eligible for Part 2 and were followed for a total of 730.4 person-years; 63 (19%) experienced virological failure, 60 (18%) were lost to follow-up, 191 (58%) were censored, and 14 (4.3%) died before experiencing any other event. In addition, 4 patients (6.4%) who experienced virological failure died and 3 patients (5.0%) who were lost to follow-up died. One third of the patients (107, 33%) in Part 2 were Aboriginal. Overall, after initial virological suppression, Aboriginals and nonAboriginals had a similar median number of viral load tests (8, interquartile range (IQR)=2-10 vs 6, IQR=3-12 tests, p=0.29) and median follow-up time (1.6, IQR=1.0-2.9 vs 1.8, IQR=1.1-3.3 years, p=0.29). However, Aboriginals were more likely than non-Aboriginals to have no viral load tests after achieving initial suppression (15, 14% vs 14, 6.3%, p=0.022). Aboriginal patients were significantly more likely than non-Aboriginals to experience virological failure (30, 28% vs 33, 15%, p=0.0047) but were not more likely than other patients to be lost to follow-up (22, 21% vs 38, 17%, p=0.46). Furthermore, compared to non-Aboriginals, Aboriginal patients experienced significantly higher cumulative incidence rates of virological failure (p=0.011) but similar cumulative incidence rates of loss to follow-up (p=0.73) (Fig. 2) . Fig. (2) . Cumulative incidence of (a) virological failure, (b) loss to follow-up, and (c) all-cause mortality after initial virological suppression by Aboriginal ethnicity (N=328).
In Cox proportional hazards models, Aboriginal patients experienced significantly higher crude virological failure rates compared to non-Aboriginals (HR=2.09, 95% CI=1.27-3.43, p=0.0038; Table 3 ). In checking the proportional hazards assumption, the continuous time-varying Aboriginal ethnicity covariate was statistically significant (p=0.042). To better characterize this relationship, we categorized time into four categories: 1 year and <2 years, 2 years and <3 years, and >3 years, all compared to <1 year. At 1 year, the rate of virological failure was significantly higher for Aboriginals compared to non-Aboriginals, but at 2 years and 3 years, this association appeared to remain similarly high. Therefore, we felt that one dichotomous time-varying covariate ( 1 year vs <1 year) best represented this relationship and included this variable in the final model ( Table 3) . Adjusting for sex and baseline viral load and calendar year, Aboriginals appear to have similar rates of virological failure less than one year after achieving initial virological suppression; however, at one year and beyond, Aboriginals have a significantly higher rate of virological failure compared to non-Aboriginals (HR=3.35, 95% CI=1.68-6.65, p=0.0006; Table 3 ). In our sensitivity analyses, our estimated HRs for Aboriginal patients remained similar to our primary model ( Table 4) .
DISCUSSION
Among HIV-patients starting HAART, Aboriginal IDUs, non-Aboriginal IDUs, and Aboriginals with other exposures were all similarly less likely to achieve initial virological suppression compared to non-Aboriginals with other exposures. Among patients who achieved initial virological suppression, rates of virological failure did not differ by Aboriginal ethnicity <1 year after suppression; however, 1 year after suppression, Aboriginals experienced a significantly higher rate of virological failure compared to non-Aboriginals. In contrast, loss to follow-up rates did not differ by Aboriginal ethnicity and rates of virological failure did not differ by IDU.
Two studies conducted in British Columbia (BC), Canada have compared rates of initial virological suppression by Aboriginal ethnicity and observed different results from the present study. Lima et al. and Miller et al., respectively, defined virological suppression as time to the first of two consecutive viral loads <500 copies/mL after Both studies controlled for adherence to treatment, which may help to explain why Aboriginals may have been less likely to achieve initial virological suppression in our study. In addition, both studies excluded patients with <2 viral load tests, which is more methodologically similar to our sensitivity analysis in Part 1 when we excluded patients who had no viral load tests within the 6 months after starting HAART. Our sensitivity analysis of initial virological suppression showed a weaker difference of borderline statistical significance between Aboriginal IDUs and nonAboriginals with other exposures because these excluded patients were more likely to be Aboriginal IDUs. Therefore, these two BC studies may have selected a subset of patients who were more likely to achieve suppression, which may be another reason they found no difference by Aboriginal ethnicity.
Two other studies conducted in BC report a similar relationship between virological suppression and IDU as we found in our study. Palepu et al. found that active injection drug users were less likely to achieve virological suppression after starting HAART compared to patients with no history of IDU, even after adjusting for adherence measured by pharmacy-refill data; however, they suggest that this measure does not effectively assess adherence among active injection drug users because it was not significantly associated with virological suppression [12] . Wood et al. also found that patients with a history of injection drug use were less likely to achieve virological suppression, but this relationship was not statistically significant after adjusting for adherence measured by pharmacy-refill data [13] .
Therefore, in BC, IDU is also associated with lower rates of virological suppression, and this relationship appears to be explained by lower rates of adherence.
To our knowledge, the present study is the first to compare virological failure between Aboriginals and nonAboriginals after starting HAART. Results of our sensitivity analyses suggest that the relationship we observed between Aboriginal ethnicity and higher rates of virological failure are robust to different analytic methods. This relationship appears to be consistent with our previous research, which demonstrates that Aboriginal HIV-patients have significantly higher rates of HIV-related mortality compared to nonAboriginals after starting HAART [1] . Rates of virological failure did not differ by Aboriginal ethnicity in the first year after achieving initial virological suppression; therefore, it appears that, among those who initially achieve suppression, these two patient groups are initially equally likely to adhere to therapy. However, after this time, Aboriginals may have more difficulty adhering to treatment. We found no differences in rates of loss to follow-up by Aboriginal ethnicity; however, this was defined as not receiving a viral load test in >12 months, and may not represent missed clinic appointments, which has been associated with virological failure [14] , and does not describe adherence over this 12 month period.
Aboriginals may be less likely to achieve initial virological suppression and more likely to experience virological failure due to poor adherence to treatment, which may be associated with lower socioeconomic status and ongoing substance use not captured by the variable assessing IDU as route of exposure to HIV. Adherence is a key determinant of successful virological outcomes [15, 16] . Poor adherence to therapy has been associated with poor socioeconomic status and social instability, including factors such as low income, unstable housing, and unemployment 1 Defined HAART failure as one viral load >1000 copies/ml. 2 Observation time ended at the last viral load date for patients who were lost to follow-up, censored, or died. 3 Defined HAART failure as one viral load >1000 copies/ml and observation time ended at the last viral load date for patients who were lost to follow-up, censored, or died.
[ [17] [18] [19] as well as active substance abuse [20] . In Canada, Aboriginals have higher unemployment rates [7] and studies have shown Aboriginal HIV-patients to be more likely to have unstable housing [3] and income levels <$10,000 [2, 3] . However, limited data are available describing adherence to HAART among Aboriginals. The studies conducted by Lima et al. and Miller et al. compared adherence rates by Aboriginal ethnicity using pharmacy-refill data, but they report contradictory findings. The first defined adherence to HAART as a dichotomous variable (<95% vs 95%) and found no significant difference by Aboriginal ethnicity [2] , however, the second defined adherence to dual or triple ART as a continuous variable and found that Aboriginals have a significantly lower median rate of adherence compared to non-Aboriginals [3] . These differences in results may be due to the different definitions of adherence or to differences in adherence to HAART vs the dual therapies included in the second study. However, neither study assessed adherence beyond the first year of therapy. Since our study demonstrates that rates of virological failure begin to differ by Aboriginal ethnicity 1 year after achieving initial virological suppression, future research should assess adherence rates for a longer duration than 1 year after starting therapy. Furthermore, future studies should attempt to corroborate the findings of these previous studies and compare adherence rates between Aboriginals and nonAboriginals using other methods, such as pill counts, electronic monitoring, or a combined measure, as investigated by Liu et al. [21] .
The present study has several potential limitations. First, ethnicity and HIV exposure categories were self-or physician-reported and misclassifications may have occurred, for example, by categorizing individuals with unknown or missing exposure categories as non-IDUs. However, this information is collected by clinicians providing ongoing care to these patients, which gives us confidence in its accuracy. Second, a clinical database was used as the primary data source in this study, which has inherent limitations. Data quality can be affected by data entry errors and omissions. Certain variables such as socioeconomic status measures, adherence to therapy, and ongoing substance abuse were not systematically collected. These variables may have impacted treatment outcomes. In addition, we could not be certain that patients were ARTnaïve when starting HAART using these data. To try to limit this effect, we excluded patients with baseline viral loads <500 copies/mL because previous ART may be the reason for these low baseline results.
In summary, our results suggest that, among HIVpatients treated in northern Alberta, Aboriginals are less likely than non-Aboriginals to achieve initial virological suppression after initiating HAART; and, among those achieving initial virological suppression Aboriginals have higher rates of virological failure than non-Aboriginals in spite of similar rates of loss to follow-up. Future research should investigate adherence among Aboriginal HIVpatients treated with HAART, examine strategies to improve their adherence, and explore their HAART treatment experiences to assess ways to improve treatment outcomes. Socioeconomic factors and cultural barriers should be investigated.
